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ORGANIC PREPARATIONS AND PROCEDURES INT. 10( 3), 133-136 (1978) 

THE SYNTHESIS OF 4,7-DIHYDRO-1,3-DITHIEPINl 
* 

David N. Harpp , Kosta S t e l i o u  and B a r r y  T. F r i e d l a n d e r  

Department o f  Chemistry, M c G i l l  U n i v e r s i t y ,  
Montrea l  , Quebec, CANADA H3A 2K6 

As p a r t  o f  a s y n t h e t i c  program d i r e c t e d  toward t h e  s y n t h e s i s  o f  

p o l y c y c l i c  s u l f u r  compounds, we r e q u i r e d  an e f f i c i e n t ,  l a r g e - s c a l e  prepa- 

r a t i o n  o f  d iene  V .  As V has been shown t o  g i v e  a D i e l s - A l d e r  adduct w i t h  

N-phenylmaleimideY2 r e a c t i o n  w i t h  o t h e r  d i e n o p h i l e s  would p r o v i d e  access 

t o  a v a r i e t y  o f  t h i s  c l a s s  o f  d e r i v a t i v e s .  A procedure f o r  t h e  t r a n s f o r -  

ma t ion  I V  -f V i s  a v a i l a b l e Y z a  b u t  o n l y  a b r i e f  r e f e r e n c e  i s  made t o  t h e  

s y n t h e s i s  o f  I V  w i t h o u t  exper imenta l  d e t a i l s  o r  p h y s i c a l  p r o p e r t i e s .  2a ,3  

We now r e p o r t ,  i n  complete d e t a i l ,  t h e  s y n t h e s i s  o f  6,7-dihydro-1,3- 

d i t h i e p i n  ( I V )  f rom *-2-butene- l ,4-d io l  ( I )  i n  an o v e r a l l  y i e l d  o f  

- ca. 40%. The procedure i s  p a r t i c u l a r l y  conven ien t  s i n c e  i t  a l l o w s  a l a r g e  

s c a l e  p r e p a r a t i o n  o f  t h e  E - i s o t h i u r o n i u m  s a l t  (111 ) ,  which on f o r m a t i o n ,  

c r y s t a l l i z e d  a n a l y t i c a l l y  pu re  and i n  e x c e l l e n t  y i e l d .  The heat  l i b e r a t e d  

d u r i n g  t h i s  c r y s t a l l i z a t i o n  i s  s u r p r i s i n g l y  h i g h  and due care must be 

exe rc i sed  ( c f .  Exper imenta l  ) . Best  r e s u l t s  were ob ta ined  when %-1,4- 
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HARPP, STELIOU AND FRIEDLANDER 

d ich lo ro -2 -bu tene  (11) ,  f r e s h l y  prepared f rom I was used. 

EXPERIMENTAL4 

c&-1,4-Dichloro-2-butene (11 ) .  - Th iony l  c h l o r i d e  (1,640 g, 13.8 mol)  i n  

c h l a r o f o r m  (1.5 a )  was added dropwise o v e r  a p e r i o d  o f  6 h r s  t o  a s t i r r e d  

m i x t u r e  o f  d i o l  15a (528 g, 6 .0  mol )  and t r i e t h y l a m i n e  (10  m l )  i n  c h l o r o -  

form (750 m l ) ,  coo led  i n  an i ce -wa te r  bath.  

complete, t h e  da rk  green m i x t u r e  was then  r e f l u x e d  o v e r n i g h t .  

and excess t h i o n y l  c h l o r i d e  were removed by f r a c t i o n a l  d i s t i l l a t i o n  a t  

atmospheric pressure5b and t h e  r e s i d u e  was d i s t i l  l e d  under reduced 

pressure t o  y i e l d  ~ - 1 , 4 - d i c h l o r o - 2 - b u t e n e  (631 g, 84%),5c bp 50-60°/ 

12 mm,6 l i t .7 55-60°/12 mm. 

m - i s o t h i u r o n i u m  s a l t  (111). - A 3-neckedY 5-R f l a s k  w i t h  a mechanical 

s t i r r e r  was charged w i t h  I 1  (563 g, 4.5 mo l ) ,  t h i o u r e a  (752 g, 9.9 mol )  

A f t e r  t h e  a d d i t i o n  was 

Chloroform 

and 95% e thano l  

30 cm condensers 

A f t e r  removal of  

Under these cond 

2 a) .  

i n  s e r i e s .  

t he  hea t  source t h e  r e a c t i o n  became h i g h l y  exothermic.  

t i o n s  t h e  s o l v e n t  r e f l u x e d ,  and t h e  t h i o u r e a  went i n t o  

The two rema in ing  necks were each f i t t e d  w i t h  two 

The r e a c t i o n  was i n i t i a t e d  by h e a t i n g  t o  40". 

s o l u t i o n .  

g r e a t  e v o l u t i o n  o f  heat .  

o v e r n i g h t .  F i l t r a t i o n  of t h e  product ,  subsequent washing w i t h  95% ethanol, 

and d r y i n g  (25"/0.5 mm) y i e l d e d  I11 (1,040 g, 83%);8a mp crude 197-200" 

(dec. ) ,  r e c r y s t a l l i z e d  f rom 95% e thano l ,  199-201" (dec . ) ;  nmr (D20, DSS) 

4.0 (4H, d ) ,  6.0 (8H, S ) ,  5.9 (ZH, t ) ;  ms: m/e; 

76(59), 60(20) ,  43(100), 42(32), 38(27), 28(18) .  

Anal. Calcd. f o r  C6H14N4C12S2: C, 26.00; H, 5.09; N, 20.21; 

Found: C, 25.87; H, 4.98; N, 20.27. 

(crude)  Found: C, 25.93; H, 5.00; N, 20.22. 

Almost immediate ly ,  t h e  i s o t h i u r o n i u m  s a l t  c r y s t a l l i z e d  w i t h  

The t h i c k  s l u r r y  was heated g e n t l y  under r e f l u x  

129 (7 ) ,  86(70) ,  85 (67 ) ,  
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TKF: SYNTHESIS OF 4,7-DIHYDRO-~1,3-DITHIEPIN 

4,7-D ihydro- lY3-d i th iep in  ( I  V). - To a m e c h a n i c a l l y - s t i r r e d  s l u r r y  o f  t h e  

i s o t h i u r o n i u m  s a l t ,  I11  (277 g, 1.0 mol )  i n  methanol ( 3  R) was added 

p o r t i o n w i s e  a t  0" ove r  1 h r ,  potass ium hyd rox ide  (330 g, 5.0 mo1/85% 

pure ) .  The m i x t u r e  was a l l owed  t o  reach  ambient temperature and s t i r r e d  

f o r  16 h rs .  To t h i s ,  dibromomethane (218 g, 1.25 mol)  i n  methanol (1  R )  

was added dropwise o v e r  a p e r i o d  o f  6 h r s  a t  O o  and l e f t  t o  warm s l o w l y  t o  

room temperature o v e r n i g h t .  S t i r r i n g  was con t inued  f o r  an a d d i t i o n a l  60 

h r s  o r  u n t i l  t h e  r e a c t i o n  m i x t u r e  d i d  n o t  cause l e a d  a c e t a t e  paper t o  

become y e l l o w  ( t h i o l a t e  i o n  s t i l l  p r e s e n t ) .  The r e a c t i o n  m i x t u r e  was t h e n  

f i  1 t e r e d  t o  remove t h e  s a l t s  and polymer, and t h e  f i  1 t r a t e  concen t ra ted  by 

f l a s h  e v a p o r a t i o n  t o  about 700 m l  o f  r e s i d u e  (some s o l i d  p r e s e n t ) ,  which 

was t r a n s f e r r e d  t o  a 2-R separa to ry  funne l  c o n t a i n i n g  e t h e r  (1.2 a ) .  

m i x t u r e  was washed w i t h  wa te r  ( 3 x 3 0 0  m l )  u n t i l  t h e  aqueous l a y e r  was 

c l e a r .  

y i e l d  I V  (69 g, 52%)8b as a l i g h t - y e l l o w  c r y s t a l l i n e  s o l i d ,  mp 38-42". 

R e c r y s t a l l i z a t i o n  f rom pentane o r  s u b l i m a t i o n  (40°/12 mm) y i e l d e d  an 

a n a l y t i c a l l y  pu re  sample, mp 51-52" which showed s i g n s  o f  decomposi t ion 

(mp 46-51O) a f t e r  two months i n  a c losed  v i a l .  S u b s t i t u t i o n  o f  d i i o d o -  

methane f o r  dibromomethane c o n s i s t e n t l y  gave s l i g h t l y  h i g h e r  y i e l d s  (s. 
60%). However t h e  i n s o l u b l e  s t i c k y  polymer formed d u r i n g  t h e  r e a c t i o n  

tended t o  i n t e r f e r e  w i t h  the  mechanical s t i r r i n g .  

3.4 (4H, 2d) ,  4.0 (ZH, S ) ,  6.0 (ZH, m); 

1420 ( S ) ,  1325, 1250, 1225, 1205 ( S ) ,  1145 ( S ) ,  1135, 880, 795 ( S ) ,  760 

The 

The e t h e r e a l  l a y e r  was then  d r i e d  (MgS04) and f l a s h  evaporated t o  

N m r  (CDC13, TMS) 

ir (cm-') 3010, 2950, 2890, 1630, 

, 78(100) ,  ( S ) ,  735 ( S ) ,  695, and 660; ms: m/e; 132(94 

71(20) ,  67(23) ,  52(11) ,  50(22) .  

Anal. Calcd. f o r  C5H8S2: C, 45.41; H, 6.10; 

Found: C, 45.25; H, 6.48. 

, 86(55 , 84(42 
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